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Introduction
Biological systems are highly complex and bioinformaticians have to deal with
vastly increasing amount of data. In this PhD thesis on “Managing biological
data in pathways and networks”, I present new network-based approaches to or-
ganize, analyze and visualize biological data. The developed methods and tools
help other researchers to make sense of their large and complex datasets and put
them into a biological context. Because of the huge amount of diverse biological
data produced everyday the integration, analysis and interpretation of data is one
of the most difficult aspects in biomedical research projects nowadays. The de-
veloped approaches will help researchers to better understand and visualize their
own data, to integrate it with existing knowledge and therefore to develop better
strategies to improve health as well as understand and cure diseases.
In this thesis, I demonstrate the power of pathway and network analysis in differ-
ent examples, studying the diabetic liver (chapter 7), combining knowledge about
regulation of cholesterol biosynthesis and uptake by SREBP (chapter 3) or in-
vestigating the effect of starvation in a mouse animal study (chapter 4). One of
the developed tools enables the study of drug effects on biological processes or
networks (chapter 6). In the diabetic liver study (chapter 7), it is shown how
this could be used to find new drug-targets, advantageous drug combinations or
possible interferences with the action or efficiency of a drug caused by other drugs.
Open Source Software
Three chapters (2,5,6) in this thesis present new software tools and their applica-
tions. To ensure that others can benefit from the tools and methods developed,
everything is published under an open source license. Because of the collaborative
nature of open source development, effective, scalable and adaptive software can
be produced more quickly. We deliberately choose an open source license with
very few restrictions to maximize reusability. Although I am leading the devel-
opment of all three tools, there are many other developers around the world who
contribute source code or give input. The methods described in this thesis are
already used by many scientists in their research and the numbers of downloads
as well as publications confirm the wide adoption of the tools in the research com-
munity.
The methods used are highly generic and therefore they can be used in many dif-
ferent research fields. While PathVisio has a more biological focus, Cytoscape can
be used for any network visualization or analysis project including social networks,
transportation maps or business process modeling. Therefore the apps developed
for Cytoscape can reach a much wider audience also outside the scientific commu-
nity.
As part of the National Resource for Network Biology (NRNB), we also participate
in large Open Source events which reach a very broad audience. For example, in
the Google Summer of Code in which Google supports Open Source organizations
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by providing money for students around the world to work within such an orga-
nization, we yearly get between two and five students who are paid to work on
our tools during the summer. Although this money does not directly reach the
department or university, it definitely results in an improvement and therefore an
increased value of the tools we develop and consequently an increased visibility
and reputation of the university.
Sharing Knowledge and Data
Besides the tools and methods developed, there is another key result of the re-
search in this PhD thesis, the organization of data. Here we are not only talking
about experimental data but also knowledge that has to be structure and visu-
alized. Pathway diagrams, like the SREBP pathway described in chapter 2, are
intuitive visual representations of the processes happening in our bodies and in
nature around us. In some complex diseases, like Parkinson’s Disease, those di-
agrams might be used by clinicians to explain the disease to their patients and
their families. A visual illustration is much more powerful than saying that gene X
is not functional. With pathway tools like PathVisio, we can go one step further
towards personalized medicine and visualize the patients data on the pathway.
This provides the clinician with a tool to give a unique, personalized view of the
disease to the specific patient. Although high-quality pathway diagrams for many
complex diseases are not yet available and further research is necessary, for some
diseases this could possibly already be used in the near future.
In this thesis, we are using publicly available datasets from different online repos-
itories. Therefore, I would like to shortly mention the value of open data and how
all parties involved can benefit when data is findable, accessible, interoperable and
re-usable (guide to FAIRness of data, www.datafairport.org). Repositories like
ArrayExpress or GEO enable researchers to use and combine existing datasets
that might lead to new insights and generate new hypotheses. The findings can
also be organized and structured for example in pathways which further increases
the value of data.
Spreading / Workshops
One important, probably the most important, aspect of valorization is the spread-
ing of the new tools and methods developed. The shown statistics and number
of citations already indicate that the tools are downloaded and used by many re-
searchers around the world but we envision to further increase those numbers and
make sure that researchers are using the tools in the correct, intended ways. In a
first step it is important to present the tools and methods at different conferences,
not only bioinformatics focused but also more biological focused ones, to inform
scientists about how these tools can be used in their research.
During this 4-year research project, the tools and methods developed have been
presented at numerous Bioinformatics and Systems Biology conferences in the
Netherlands and abroad. Many of the approaches to analyse biological data with
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the tools we developed can become very complex. This leads to a market for
tutorials, courses and such. We already developed several workshop and tutorial
sessions on ‘How to draw a biological pathway?’, ‘How to use pathway and net-
work analysis to interpret biological data’ or more focused on the different tools
like ‘How to use PathVisio/Cytoscape to understand biological processes?’. These
workshops can be further extended and improved. Then we can offer them, if pos-
sible even as online web seminars, to biomedical research groups, pharmaceutical
companies and/or as educational tools to students. This could definitely result in
the acquisition of money to further develop the tools and carry out new research
projects.
Conclusion
In conclusion, I believe that in scientific research, collaborative approaches allow
us to build on each others work and expertise and move forward faster. This is only
possible with an open attitude towards sharing data and knowledge. This thesis
really follows this principle by creating open source software, using open data to
analyse and publishing the results in open access journals. As a final statement, I
would also like to mention that having the tools and the expertise to apply them in
different research fields can also lead to more traditional valorization in the future
for example by participation in research directed towards health improvement or
drug development.
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